This study examined the extent to which manipulating the characteristics of second language reading activities affects the reading process and noticing of glossed linguistic constructions. Thirty-eight Korean learners of English read two texts under conditions that required more and/or less careful reading. For the condition intended to promote more careful reading, each paragraph of the texts was divided into three or four subparts. For the condition expected to elicit less careful reading, each paragraph was split into two sections.
Introduction
Reading is not only an important comprehension skill that most second language (L2) learners strive to develop but also a major source of comprehensible input for L2 acquisition to occur. Hence, L2 reading activities are often designed with the dual aim of promoting development in comprehension ability and fostering the acquisition of L2 knowledge. In order to achieve these goals, it is necessary to explore and identify factors that affect the L2 reading process and the learning that accrues from engaging in reading activities. The characteristics of the reading activity is one variable that is likely to influence the nature of text processing as well as acquisition resulting from reading. While a few studies exist that investigate the influence of types of reading activity on text processing (e.g., Horiba, 2000 Horiba, , 2013 Kaakinen & Hyönä, 2005) , little research has explored how the characteristics of reading activities may simultaneously affect the L2 reading process and noticing of L2 features. Given that reading activities are indispensible components of L2 instruction not only as means of developing reading skills but also as carriers of input, it is vital to begin filling this gap in the literature.
READING ACTIVITY CHARACTERISTICS, L2 READING PROCESSES AND NOTICING 9 measure of attention (Reichle, Pollatsek, & Rayner, 2006) . This combination, therefore, would allow for gauging both the quality (level of awareness) and quantity of attention (Godfroid et al., 2013) triggered by glosses.
Research questions
1. To what extent does manipulating the characteristic of an L2 reading activity, while keeping textual input constant, affect reading processes, as reflected in participants' eyemovements and stimulated recall comments?
2. To what extent does manipulating the characteristic of an L2 reading activity, while keeping textual input constant, affect the noticing of glossed linguistic constructions, as reflected in participants' eye-movements and stimulated recall comments?
The reading activity manipulation in the present study involved creating two versions of a text-ordering activity, which were designed to require more or less careful reading.
Methodology Design
Thirty-eight L2 users of English participated in the study. They completed two versions of a reading activity (henceforth, Text 1 and Text 2). Two types of target constructions, English unaccusative verbs and pseudo lexical items, were glossed for both Text 1 and Text 2. Following a 2x2 repeated-measures design, participants were exposed to the two texts under a more careful and/or less careful reading condition (see Table 1 ).
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Text order was counterbalanced across participants (see Figure 1 ). All participants took part in one session. They first completed a background questionnaire. Then, a pretest (a grammaticality judgment test, GJT) was administered, followed by a proficiency test. While participants were carrying out the reading activities, their eye-movements were recorded. Each reading was immediately followed by a short post-reading questionnaire. Eleven participants were further invited to partake in a stimulated recall session right after completing the two reading activities and questionnaires. These students were randomly selected from among the participants who completed both activity versions. This allowed for comparing reading processes and noticing of glossed constructions under the two reading conditions. Finally, participants were administered an exit questionnaire.
INSERT FIGURE 1 HERE

Participants
The 38 participating students were native speakers of Korean, enrolled at a UK university.
Thirty-two students were female, and the mean age was 27.84 (SD = 4.52). The average length of stay in an English-speaking country was 9.92 months (SD = 3.84). The participants had IELTS scores 6.5 (borderline CEFR B2/C1) or higher. To ensure homogeneity of proficiency among participants across the text and activity combinations, all students were administered an adapted version of the Use of English section of a practice Cambridge Proficiency English (CPE) test. Cronbach's alpha for the CPE scores was .82.
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We selected English unaccusativity as the target grammatical construction because this feature poses persistent difficulty for Korean learners (Chung, 2014) . Pseudowords were included to control for prior lexical knowledge.
English unaccusative verbs
Intransitive verbs can be classified into unergatives (e.g., Mary danced.) and unaccusatives (e.g., The snow melted.) (Perlmutter, 1978 ). An unergative verb assigns an agent role to its subject, where the agent/subject has a deliberate involvement in the event.
The subject of an unaccusative verb lacks volitional control and performs a patient role.
Researchers (e.g., Zobl, 1989) have found that even high proficiency learners tend to overpassivize unaccusatives (e.g., My mother was died when I was just a baby in Zobl, 1989).
As Table 2 shows, 15 English unaccusative verbs were identified in the two treatment texts and selected as target constructions.
INSERT TABLE 2 HERE
Pseudowords
Both texts included five pseudowords (see Table 3 ). They were all nouns and appeared once in the texts. They substituted ten original lexical items, and followed English orthographic and morphological rules. When the original word was in the plural, the plural marker -s was retained. Each pseudoword consisted of seven letters, containing two syllables.
INSERT TABLE 3 HERE
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The two texts were expository passages selected from past TOEFL tests. The texts were chosen based on (a) whether they contained sufficient unaccusative verbs and (b) whether they covered topics likely to be unfamiliar to the participants. Text 1 was about petroleum resources, and the topic of text 2 was the Cambrian period. The length of Text 1 and Text 2 were 682 and 699 words respectively. Average readability, calculated from various indices (Flesch-Kincaid grade level, Gunning-Fog score, Coleman-Liau index, SMOG index, Automated Readability) was 11.6 for Text 1 and 13.4 for Text 2. These values indicated that the texts required at least upper-intermediate proficiency and thus were considered appropriate for the participants, who had at least low advanced proficiency.
Reading activity manipulation
Both texts were divided into five segments. Each segment was presented on one page, following the original TOEFL format. The reading activities involved ordering parts of the segments (henceforth, text-ordering activity) and then answering multiple-choice comprehension questions (henceforth, reading comprehension test). The reading comprehension items were taken from the TOEFL tests, whereas the text-ordering component was added as part of the experimental manipulation.
Under the less careful reading condition, each text segment was split into two subparts, whereas, under the more careful reading condition, the segments were divided into three or four. The participants were asked to determine the correct order of the parts under both reading conditions. The participants were instructed to point and click the capital letter labeling each subpart in the order they considered correct (see Figure 2) . We assumed that the version which required the re-ordering of more subparts would require more careful reading at both local and global level (Khalifa & Weir, 2009) due to the decreased clarity and coherence of text structure (Meyer & Ray, 2011) .
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The comprehension questions asked participants to identify factual information, make inferences, understand rhetorical purpose, recognize vocabulary meaning, simplify/paraphrase a sentence, or select main ideas of the text (Educational Testing Service, 2012) . There were nine multiple-choice comprehension items for each text, with one or two questions following each segment. The maximum comprehension score was 10 points for each text. Each item was worth 1 point, except for the last item, for which the total score was 2 points. This item required completing a summary by selecting several responses from a group of multiple-choice options. Double-spaced Courier font was used to present the texts. Each target item was underlined and a corresponding Korean translation was provided in a marginal gloss. The participants were given 25 minutes for completing the activities. Piloting revealed that this time was sufficient to carry out the activities but put some pressure on participants under the more careful reading condition.
Pretest
To measure the participants' prior knowledge of unaccusativity, an untimed GJT was used as a pretest. The test included 15 grammatical and 15 ungrammatical sentences for the target unaccusative verbs (e.g. The sun was soon disappeared vs. The tension soon disappeared), and another 15 grammatical and 15 ungrammatical sentences served as distracters. The participants were asked to make binary choices (correct versus incorrect).
The maximum score was 30, and the test took approximately 7 minutes. The Cronbach's alpha for the GJT was .62. The relatively low reliability might have been due to the fact that participants showed little knowledge of unaccusativity, as reflected in their close to chance GJT performance on average (see Pretest results below).
Stimulated recall
After completing both reading activities, eleven students were asked to participate in a stimulated recall session prompted by their eye-gaze recordings. It was first explained to the participants in everyday language that the red circles and lines in the recordings indicated their eye-fixations and saccades respectively. They were also instructed to stop the recording at any time they wanted to verbalize what they were thinking while engaged in the original activity. The researchers also interrupted the recordings and prompted the participants to describe their thoughts during the performance of the reading activity on the few occasions when unusual or interesting eye-movements were observed (longer fixations, regressive eyemovements, or re-reading behaviours), but these behaviours were not commented on by the participants. The stimulated recall sessions were video-recorded to capture participants' spatial movements as well. Piloting revealed that participants often pointed at the computer monitor during the protocols (e.g., I started here, like this (pointing at screen), and it was very difficult.) The interviews were carried out in Korean.
Questionnaires
The background questionnaire elicited information about the participants' demographics and English language learning experience. The post-reading questionnaire included two Likert-scale items gauging the participants' familiarity with the reading topics.
The exit questionnaire asked the participants to provide comments about their experiences during the reading activity. All questionnaires were administered in Korean.
Procedure
Participants' eye-movements during the reading activities (i.e., text-ordering and answering reading comprehension questions) were captured with a mobile Tobii X2-30 eye-tracker. Participants carried out the activities individually in a quiet room at the researchers' institution while one of the researchers sat at a discrete distance to avoid any disruption caused by her presence. The sessions took approximately two hours for the non-stimulated recall and three hours for the stimulated recall students. To decrease participant fatigue, students were offered a break at several points in the experiment (after completing the pretest, proficiency test, and post-reading questionnaires).
Data Analyses
Eye-movement data
The eye-tracking data were analysed with Tobii Studio 3.0.9 and the R statistical package. To assess the effects of reading condition on L2 reading processes (RQ1), two types of areas of interest (AOIs) were defined: (a) the text and (b) the text and response options combined (see Figure 2) . AOIs for the texts were used in extracting indices associated with text reading processes, reflecting participants' comprehension processes. AOIs for the text and response options combined served as the basis for calculating measures of global reading processes, that is, they were presumed to shed light on how participants coped with the activity as a whole. Then, inspired by Brunfaut and McCray (2015) , ten indices of text and global processing were calculated based on the eye fixation and saccade data with a series of R-scripts (http://rpubs.com/GarethMcCray/reading-metrics). The measures are summarised in Table 4 . For each index, we expected greater values under the more careful reading condition, as ordering of the text subparts would likely require more intensive and recursive text processing. The only exception was median forward saccade length. For this measure, we predicted smaller values in the activity requiring more careful reading, as textual processing would probably be more frequently interrupted.
Next, to examine if the reading activity manipulation affected participants' processing of glossed constructions (RQ2), AOIs were defined for each target feature and gloss. While the target areas were identical in pixel size for pseudowords and glosses, those for unaccusative verbs were inevitably dissimilar due to the different verb lengths. This did not confound the results, as both versions of the activity included the same AOIs. Eight eyetracking measures were extracted for the target constructions and glosses (see Table 4 ). We hypothesised that, under the more careful reading condition, the values for each measure would be higher, as more thorough text processing would result in more attention to the target words and their glosses.
INSERT FIGURE 2 AND TABLE 4 AROUND HERE
Statistical analyses
Prior to any statistical procedures, we performed a power analysis for all tests using GPower 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007) . The sample size was found to be adequate to detect medium effect sizes for all factors of interest with an α = .05 and power = .90. The Statistical Package for the Social Sciences (SPSS) 22 was used to compute reliability and descriptive statistics. The rest of the analyses were conducted with version 3.3.0 of the R statistical package, by constructing mixed-effects models using the lmer function of the lme4 package. We first established that, across the two versions of the activity, participants were equivalent in English proficiency and pretest scores, and that topic familiarity had no confounding influence on reading comprehension. It was also confirmed that there were significant differences in perceived mental effort between the two activity versions.
Then, the research questions were addressed, with each mixed effects model including an eye-tracking measure as the dependent variable. In all models, Condition (i.e., reading activity version), Text and their Interaction were the fixed effects (i.e., independent variables), and Subject was the source of random effects. The modelling started by constructing null models that contained only a random intercept for Subject. Next, Condition, Text and the Interaction were added, and it was tested whether their addition improved the fit of the null models. In this step, likelihood ratio tests were conducted using χ 2 statistics. If a significant fixed effect was identified, a maximal random effects structure was produced to examine the magnitude and direction of the fixed effect(s) on the eye-movement measure.
Given that maximal random structures can be overly complex with multiple random slope parameters, models often fail to converge. If this was the case, the random effect parameters accounting for the least variance were removed one by one until convergence was achieved.
As participants were assigned to the reading conditions following a 2x2 repeated measures design, when Condition emerged as a significant factor in the likelihood ratio tests, multilevel mixed-effects models were developed including a within-subject random slope for Condition. A within-subject random slope for Text was not included in the models, as participants produced only one value, i.e., either an eye-movement index or time taken to complete the activity, for each text.
An absolute t-value above 2.0 was the criterion for significance. Effect sizes were computed with the r.squared GLMM function from the MuMln package. R 2 values above .06, .16 and .36 were considered as small, medium and large, respectively (Plonsky & Oswald, 2014) . Collinearity statistics for the fixed effects (Condition and Text) were calculated using the collin.fnc function in the languageR package. Following Baayen (2008), condition numbers between 0 and 6 were regarded as evidence for no collinearity, around 15 as medium collinearity, and 30 or above as potentially harmful collinearity.
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Stimulated recalls
The stimulated recalls were transcribed using the video-transcription software F5, version 2.2. The transcripts were uploaded to NVivo 10.0.3 for qualitative analysis. The first author reviewed the transcripts and identified emergent categories by annotating the data (for the resulting coding scheme, see Table 9 ). Then, a randomly selected subset of the videorecordings (13.6%) was watched and coded by a second coder to verify coding reliability.
Inter-coder agreement was 90 per cent with a kappa of .71, which was acceptable, SE = 1.02, 95% CI [-.98, 3.06] . Next, the comments were further categorized depending on whether they concerned the reading conditions, and frequency counts were calculated for each code under each condition.
Results
Preliminary analyses
English proficiency
The CPE scores were analysed to check if the participants, across reading conditions and texts, were homogeneous in their proficiency (see Table 5 for descriptive statistics 
Eye-movement data
Reading activity characteristics, eye-gaze behaviours, and reading processes was broken down into sub-codes (see Table 11 for examples). More annotations were counted for the more careful (n = 374) than the less careful reading conditions (n = 230) overall and for most individual codes. When participants described their performance under the more careful reading condition, they more frequently reported experiencing difficulty and feeling unconfident. Reference to certain reading strategies, such as careful reading, skimming, and searching for hints, were also more frequent among comments on the version of the activity, which was designed to elicit more careful reading. Likewise, participants reported relying on linguistic cues more often when describing their thoughts under the more careful reading condition: at the word level, the participants remembered utilising keywords,
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pronouns and transitional words more frequently; at the discourse level, there were more comments indicating that the participants struggled to order the text segments. They also reported with greater frequency that they focused on the first and the final sentence of each text segment and coherence between sentences. Lastly, although few comments concerned the target items and the glosses, there were more comments referring to the unaccusative verbs and their glosses when participants recalled their thoughts during the activities created to facilitate more careful reading.
For a few codes, however, recalls for the less careful reading condition yielded more comments. For example, the participants remembered rereading the texts more frequently during this activity version. In addition, they reported focusing more on articles, first mention of words, and sentence connectives. Finally, among the few comments generated about the glosses, participants referred to noticing of glosses for pseudowords more often when recalling their performance on the activity constructed to promote less careful reading.
INSERT TABLE 11 HERE Discussion
The present study investigated the effects of manipulating the characteristics of reading activities on L2 reading processes and noticing of glossed linguistic constructions. The reading activity involved ordering jumbled texts, in which paragraphs were split into two (less careful reading condition) versus three to four (more careful reading condition) segments.
Reading activity characteristics and L2 reading processes Our first research question asked the extent to which manipulating the characteristics of L2 reading activities affected reading processes, as reflected in participants' eyemovements and stimulated recall comments. We hypothesised that the need to re-order more subparts would prompt more careful reading at both the local and global level (Khalifa & Weir, 2009) , given the more intensive and attentive reading required to identify intersentential relations (Meyer & Ray, 2011). As predicted, both the eye-movement and stimulated recall data confirmed that the version designed to elicit more careful reading, as intended, generated more thorough and intensive text processing. When performing the versions constructed to elicit less careful reading, the participants fixated more frequently on the activity (text and response options combined) and more often and longer on the texts.
Participants also produced a larger number of forward saccades and regressive eyemovements, indicating that they engaged in more attentive and recursive text processing. The effect sizes ranged from small to medium. The stimulated recall comments revealed that, under the more careful reading condition, participants more frequently employed certain reading strategies, such as skimming, careful reading and searching for hints. They also recalled more extensive use of lexical and discourse cues. That is, the eye-tracking and stimulated recall data seem to converge and confirm that, when carrying out the activity versions created to promote more careful reading, participants indeed processed the texts more carefully and intensively.
It is also important to point out, however, that for some of the eye-movement measures, no significant difference (median fixation duration, median forward saccade length, median regression length, and proportion of regressions) or an interaction effect (sum of fixation durations for text and response options combined and proportion of regressive movements) was found between the two reading conditions, contrary to our expectations. A possible explanation may lie in that, although the two versions of the activity led to a differential amount or quantity of processing, they did not prompt reading processes that were qualitatively different in nature. Unlike frequency and sum of duration measures, medians of fixation, saccade and regression lengths are likely to capture qualitative differences in reading. For example, longer saccade lengths are probably more associated with global reading, since global reading (e.g., reading for gist) necessitates less detailed comprehension (Brunfaut & McCray, 2015) . On the other hand, shorter saccades are more likely to reflect engagement in local reading (e.g., reading for detail), requiring more thorough text processing. The same reason might explain that no considerable activity effects emerged for regressive movements (although a significant interaction was identified for this index, the effect size was small). Proportion of regressive movements is also likely to vary when readers engage in qualitatively different processes. A gap-fill activity with a given set of words, for instance, would likely involve more regressive movements than the textordering activity here, as readers would probably revisit the list of words on a number of occasions while working on the activity. The stimulated recall data also suggest that our reading activity manipulation had primarily quantitative effects on reading processes:
participants recalled using certain strategies with greater frequency under the more careful reading condition, but rarely mentioned qualitatively different strategies. version. This suggests that the effects of the reading activity manipulation observed here might generalize to other academic expository texts. Clearly, future research is needed to confirm this and to test whether our results would transfer to other genres.
Reading activity manipulation and noticing glossed linguistic constructions
Our second research question investigated the extent to which manipulating the characteristics of reading activities may influence the noticing of glossed linguistic constructions, as reflected in participants' eye-movements and stimulated recall comments.
We expected that participants would notice glossed information to a greater degree under the more careful reading conditions, as the more intensive and attentive text processing required would direct attention to the glosses and target linguistic items more frequently. Also, the more precise understanding needed would promote more in-depth processing of the target form-meaning relationships. As hypothesised, the eye-movement indices revealed that the target unaccusative verbs received considerably more attention in the more careful reading condition, evidenced in the significantly greater number of fixations and longer fixation durations on the target verbs. The effect size for these relationships was large. Similarly, the stimulated recall data demonstrated that all of the comments related to the target verbs (n=3) concerned the more careful reading condition. It should be pointed out, however, that the number of comments on the target verbs was relatively small. Considering that the stimulated recall comments indicate a low level of awareness (Schmidt, 1990) or depth of processing (Leow, 2015) , the findings appear to imply that the impact of the reading activity manipulation on learners' awareness appeared to be only marginal. Taken together, the more careful reading condition was more likely to trigger attention to and awareness of the unaccusative verbs, but its impact seemed more pronounced on attention than awareness.
Interestingly, however, the reading activity manipulation did not affect the overall amount of attention paid to the glosses associated with the target verbs. That is, the increased need to engage in careful reading, according to the eye-movement data, did not encourage learners to check the glosses with greater frequency or process them longer. In fact, verb glosses were often ignored; the average number of fixations to all verb glosses was below 4
for both texts regardless of activity version although Text 1 and Text 2 included 8 and 7
target verbs respectively. The participants also made few stimulated recall comments about the verb glosses, suggesting that they might have rarely been the focus of attention. This was probably because the unaccusative construction is of low communicative value. Therefore, if participants were familiar with the meaning of the root verb, they might have disregarded the glosses as the grammatical information in them was not essential to comprehension.
It was also contrary to our expectations that activity version had no impact on the noticing of pseudowords and their glosses, as indicated by a lack of a significant difference in the number and sum of eye-fixations at pseudowords and their glosses across the reading conditions. One reason for this may be that the processing of pseudowords was less essential to the completion of the activity than that of the unaccusatives. If the pseudowords had been selected based on task-essentialness, the difference in reading conditions might have affected the extent to which they were attended to and processed.
Finally, like for RQ1, the eye-movement data generated similar patterns for Text 1 and
Text 2, implying that the results might generalise to other academic expository texts.
Implications
On the theoretical front, the stimulated recall results corroborated hypotheses deduced from Khalifa and Weir's (2009) model of L2 reading, suggesting that, depending on reading activity characteristics, readers can call upon differential strategies and skills to achieve their goals. By theorising the relationships between reader goals, metacognitive activities, and reading processes, Khalifa and Weir's model would appear as a useful theoretical starting point for future work exploring links between reading activity characteristics and L2 reading.
We also found some evidence for our hypothesis that increasing the need to engage in careful reading would generate greater attention and awareness of glossed linguistic constructions.
At the methodological level, we confirmed that combining eye-tracking with stimulated recall is a useful way to tap reading processes, enabling the investigation of both lower (e.g., saccades) and higher-order (e.g., strategies) reading operations. Triangulating eye-tracking and stimulated recall data is new to glossing research, and we found it helpful to assess both qualitative and quantitative aspects of attentional allocation (Godfroid et al., 2013) , and thereby gain information about the effects of reading activity characteristics not only on attention or awareness but both processes.
Finally, the findings of this study suggest that increasing the need to carry out careful reading, although having limited impact on awareness, may result in more attention to target L2 features, as shown in the case of the target unaccusative verbs. That said, a potential pedagogical implication is that manipulating reading activities in such a way that they elicit more careful reading can promote more attention to textually enhanced grammatical constructions, which may otherwise remain unattended. For example, a manipulation that induces learners to evaluate text coherence or structural organization to a greater extent would probably encourage more attentive text processing.
Limitations and future research
One limitation of this research lies in the use of the stimulated recall methodology. As stimulated recall involves a posteriori recollection of cognitive processes, it is possible that only a subset of the conscious processes during performance was reported. Another issue concerns the selection of target lexical items. We used two criteria: single occurrence in the text and being a noun. Additional factors that would ideally be considered in future research include concreteness, inferrability, and position in sentence. It would also be worthwhile to explore whether the activity manipulations would have a stronger impact on noticing if the processing of lexical items were made essential to the successful completion of the activity.
In this study, the target lexical items appeared to have low functional load. A further weakness originates from the within-subjects design. Although this allowed controlling for individual differences to a greater extent, it made it impossible to investigate the combined effects of reading activity characteristics and glossing on L2 development. Adopting a between-subject pretest-posttest design could address this limitation. The study would also have benefited from using a more high-precision eye-tracker, especially as regards the noticing measures. Compared to the reading indices, the AOIs for noticing were relatively small, thus more prone to error. Finally, this study utilized a single activity type, one type of reading activity manipulation, an academic expository text, and low-advanced/advanced Korean L2 readers. Future research should examine whether our results would extend to different activity types, activity manipulations, genres, proficiency levels, and L1 speakers. 
